Introduction
============

Glioblastoma is a heterogeneous and highly aggressive brain tumor in the central nervous system. Patients with glioblastoma often experience high relapse rates and poor prognoses ([@b1-ol-0-0-6735]--[@b3-ol-0-0-6735]). Although efforts have been made toward early diagnosis and targeted therapy, there are currently no effective treatments to completely cure patients with glioblastoma, particularly those at advanced clinical stages ([@b4-ol-0-0-6735]--[@b6-ol-0-0-6735]). Therefore, it is important to identify novel molecular targets that are effective regulators and prognostic biomarkers for glioblastoma.

MicroRNAs (miRNAs/miRs) are formed from several hundred single-stranded short RNAs that endogenously bind to the 3′-untranslated region (3′UTR) of target genes to post-transcriptionally suppress gene production or induce protein degradation, thus serving important roles in regulating cell and tissue development and pathology in human and animals ([@b7-ol-0-0-6735]--[@b10-ol-0-0-6735]). In human cancer types, miRNAs have been demonstrated to be aberrantly upregulated or downregulated in cancerous tissues, thus serving as either oncogenes or tumor suppressors to modulate cancer development ([@b10-ol-0-0-6735]--[@b12-ol-0-0-6735]). In addition, cancerous miRNAs have been identified to be effective biomarkers to predict prognosis in patients with cancer ([@b13-ol-0-0-6735]--[@b15-ol-0-0-6735]). In human glioblastoma, various miRNAs have been demonstrated to be either upregulated or downregulated in glioma tumors, and played critical roles in regulating glioblastoma proliferation, migration and chemosensitivity ([@b16-ol-0-0-6735]).

Amongst numerous other cancer-associated miRNAs, miR-141 has been demonstrated to be an effective tumor regulatory gene in various human cancer types, including ovarian cancer, hepatocellular carcinoma, non-small cell lung cancer and renal cancer ([@b17-ol-0-0-6735]--[@b20-ol-0-0-6735]). However, the expression pattern or functional role of miR-141 in human glioblastoma remains unknown.

In the present study, the expression pattern of miR-141 was assessed in glioblastoma cell lines and clinical samples from patients with glioblastoma. Secondly, synthetic miRNA mimics were applied to ectopically overexpress miR-141 in glioblastoma cell lines to examine whether miR-141 exhibited functional mechanisms in regulating glioblastoma proliferation. Thirdly, the correlation between cancerous miR-141 expression and clinicopathological factors and overall survival rates (OS) of patients with glioblastoma was analyzed. The purpose of the present study was to investigate whether miR-141 may act as a cancer regulator or as a prognostic biomarker for glioblastoma.

Patients and methods
====================

### Ethics, consent and permissions

In the present study, the clinical and experimental procedures were reviewed and approved by the Ethic Committees at Suining Central Hospital (Suining, China) and Chongqing Fourth People\'s Hospital (Chongqing, China). All experiments were conducted in accordance with the Declaration of Helsinki. Consent forms were obtained from all patients enrolled.

### Glioblastoma cell lines

Immortal glioblastoma T98G, U251, A172, LN229 and U89 cell lines, and normal human astrocytes (NHA), were all purchased from the Cell Bank Type Culture Collection of the Chinese Academy of Sciences (Shanghai, China). All cell lines were maintained in RPMI-1640 medium (Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 10% fetal bovine serum (Thermo Fisher Scientific, Inc.), 100 U/ml penicillin and 100 µg/ml streptomycin (Sigma Aldrich; Millipore, Darmstadt, Germany) in a tissue culturing environment with 5% CO~2~ at 37°C.

### Clinical glioblastoma samples

Between September 2007 and September 2011, 91 patients (mean age, 56±6.3 years; 52 male and 39 female) with glioblastoma were enrolled in the study at Suining Central Hospital and Chongqing Fourth People\'s Hospital. Clinical samples of glioblastoma tumors and adjacent non-tumorous brain tissues were obtained during surgical resection. The pathological grade of tumors, based on magnetic resonance imaging scans and histological examination, were evaluated by a joint-team of histologists, pathologists and radiologists according to the World Health Organization (WHO) classification of brain tumors ([@b21-ol-0-0-6735]). All tumorous or non-tumorous brain samples, once obtained from patients, were immediately snap-frozen in liquid nitrogen and stored at −80°C for future RNA extraction.

### RNA extraction and reverse transcription-quantitative polymerase chain reaction (RT-qPCR)

Total RNA was isolated from clinical samples using a TRIzol kit (Thermo Fisher Scientific, Inc.) and purified using a QiaQuick PCR Purification kit (Qiagen, Inc., Valencia, CA, USA) according to the manufacturers\' protocols. The quantity of extracted RNA was examined by a NanoDrop-3000 spectrophotometer (Thermo Fisher Scientific, Inc.). A total of 5 µg RNA from each sample was reverse synthesized to complementary DNA using a TaqMan MicroRNA Reverse Transcription kit (Thermo Fisher Scientific, Inc.) according to the manufacturer\'s protocol. Gene expression of human miR-141 (hsa-miR-141) was quantified through RT-qPCR using a TaqMan MicroRNA assay kit (Thermo Fisher Scientific, Inc.) on an ABI Prism 7000 Sequence Detection system (Thermo Fisher Scientific, Inc.) according to the manufacturer\'s protocols. The thermocycling conditions used were as follows: 30 sec at 95°C; 30 sec at 60°C; and 30 sec at 72°C for 35 cycles. The following primers were used: hsa-miR-141 forward, 5′-CGCTAACACTGTCTGGTAAAG-3′ and reverse, 5′-GTGCAGGGTCCGAGGT-3′; U6 snRNA forward, 5′-ATTGGAACGATACAGAGAAGATT-3′ and reverse, 5′-GGAACGCTTCACGAATTTG-3′. The relative expression of hsa-miR-141 was measured as a fold-change and was normalized to U6 small nuclear RNA expression in control samples using the 2^−ΔΔCq^ method ([@b22-ol-0-0-6735]).

### miR-141 upregulation in glioblastoma

Synthetic human miR-141 mimics, miR-141-mimic, and its non-specific control miRNA, miR-Ctrl, were purchased from Sunbiotech Co., Ltd. (Beijing, China). The glioblastoma LN229 and U89 cell lines were transfected for 24 h at 37°C with 100 nM miR-141-mimic or 100 nM miR-Ctrl using the Oligofectamine 2000 transfection reagent (Thermo Fisher Scientific, Inc.) according to the manufacturer\'s protocols. The cultures were replenished with fresh RPMI-1640 medium without synthetic miRNAs at 48 h post-transfection. Subsequent experiments, such as RT-qPCR using the same conditions as stated above and a proliferation assay were performed.

### Cancer proliferation assay

The *in vitro* proliferation of glioblastoma cells was performed using an MTT assay (Applied Science, Grass Valley, CA, USA) according to the manufacturer\'s protocols. Subsequent to transfection with synthetic miRNAs, LN229 and U89 cells were maintained in 96-well plates at a density of 5,000 cells/well for 5 days. Every 24 h, 20 µl 1X MTT medium was added into 96-well plates for 4 h, followed by 20 min application of dimethyl sulphoxide. The 96-well plates were then examined using a Synergy 2 multi-mode microplate reader (BioTek Instruments, Inc., Winooshi, VT, USA) at an absorbance of 490 nm according to the manufacturer\'s protocol.

### Statistical analysis

All experiments were conducted in triplicate and the data are presented as the mean ± standard deviation. All statistical analyses were conducted using SPSS software v11.0 (SPSS, Inc., Chicago, IL, USA). An unpaired two-tailed Student\'s t-test was used to compare paired or grouped samples. The associations between miR-141 and the clinicopathological features of the patients were analyzed using rank sum and χ^2^ tests. The associations between the clinicopathological properties of the patients with OS were analyzed using forward univariate or multivariate Cox proportional hazards model with 95% confidence intervals (CIs). The OS of the patients was estimated using a Kaplan-Meier model and compared by log-rank test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### miR-141 is aberrantly downregulated in glioblastoma cell lines and human tumors

The gene expression pattern of miR-141 among glioblastoma cell lines and human tumors was examined. In 5 glioblastoma cell lines, T98G, U251, A172, LN229 and U89, miR-141 expression was quantified by RT-qPCR and analyzed against miR-141 expression in NHAs. It was revealed that miR-141 was significantly downregulated in the glioblastoma cell lines compared with the level in the NHAs ([Fig. 1A](#f1-ol-0-0-6735){ref-type="fig"}; P\<0.001). Secondly, miR-141 expression was examined in human samples. In 91 patients with glioblastoma, glioblastoma tumors and adjacent non-tumorous brain tissues were surgically sampled and their endogenous miR-141 expression levels were compared using RT-qPCR. Similar to the result in glioblastoma cell lines, it was demonstrated that miR-141 was also aberrantly downregulated in human glioblastoma tumors compared with the expression in the non-tumorous brain tissues ([Fig. 1B](#f1-ol-0-0-6735){ref-type="fig"}; P\<0.001).

### Induced miR-141 overexpression inhibits cancer proliferation in glioblastoma

The present study next assessed whether miR-141 exhibited a functional role in glioblastoma. The glioblastoma LN229 and U89 cell lines were transfected with synthetic miR-141-mimic miRNAs to induce endogenous overexpression of miR-141. Control LN229 and U89 cells were transfected with a non-specific control synthetic miRNA, miR-Ctrl. RT-qPCR analysis indicated that at 2 days post-transfection, endogenous miR-141 was significantly upregulated in the glioblastoma cells transfected with miR-141-mimic compared with the glioblastoma cells transfected with miR-Ctrl ([Fig. 2A](#f2-ol-0-0-6735){ref-type="fig"}; P\<0.05).

The regulatory effect of miR-141 upregulation on glioblastoma growth was then examined. Transfected LN229 and U89 cells were seeded into 96-well plates and maintained for 5 days. An MTT assay was performed every 24 h during a 5-day period to compare cancer proliferation between glioblastoma cells. It was revealed that in the LN229 and U89 cells lines, miR-141 upregulation markedly suppressed cancer cell proliferation ([Fig. 2B](#f2-ol-0-0-6735){ref-type="fig"}; P\<0.05).

### miR-141 is correlated with clinicopathological properties of patients with glioblastoma

In 91 patients with glioblastoma, 25 exhibited WHO grade I pilocytic astrocytomas, 23 exhibited WHO grade II diffuse astrocytomas, 21 exhibited WHO grade III anaplasia astrocytomas and 22 exhibited WHO grade IV primary glioblastomas. The miR-141 expression levels were compared based on the tumor grades. It was demonstrated that miR-141 expression was downregulated in grade III or IV tumors compared with non-tumorous brain tissues ([Fig. 3](#f3-ol-0-0-6735){ref-type="fig"}; P\<0.05). It was also demonstrated that miR-141 expression was significantly downregulated in grade III or IV tumors compared with grade I or grade II tumors ([Fig. 3](#f3-ol-0-0-6735){ref-type="fig"}; P\<0.05).

To understand the correlation between miR-141 expression and the prognoses of patients with glioblastoma, patients were divided into two subgroups. One group of 47 patients was characterized to exhibit miR-141 expression levels lower than the median value. The other group of 44 patients exhibited miR-141 expression levels higher than the median value. The clinicopathological properties of the patients were statistically analyzed based on miR-141 expression levels, and it was identified that miR-141 expression demonstrated no association with patient gender, age or tumor size ([Table I](#tI-ol-0-0-6735){ref-type="table"}). Conversely, miR-141 expression was revealed to be significantly correlated with the pathological grade and Karnofsky Performance Scale (KPS) of the patients ([Table I](#tI-ol-0-0-6735){ref-type="table"}; P\<0.05).

### miR-141 is a prognostic biomarker for survival of patients with glioblastoma

A Kaplan-Meier model was applied to separately assess the OS of patients with glioblastoma and high endogenous miR-141 expression levels, and those with low endogenous miR-141 expression levels. Using a log-rank test, it was identified that the two OS curves were significantly different. Patients with low endogenous miR-141 expression levels exhibited much poorer OS compared with patients with high endogenous miR-141 expression levels ([Fig. 4](#f4-ol-0-0-6735){ref-type="fig"}; P\<0.001). A Cox regression model was applied to assess the association of the clinicopathological properties of the patients with OS. Through the univariate analysis, it was revealed that the WHO grade (95% CI, 3.89--5.40; P=0.020), KPS (95% CI, 1.04--4.78; P=0.241) and endogenous miR-141 expression (95% CI, 4.83--9.63; P=0.003) of the patients were significantly associated with OS ([Table II](#tII-ol-0-0-6735){ref-type="table"}). In addition, the multivariate analysis demonstrated that the WHO grade (95% CI, 2.89--5.92; P=0.107), and endogenous miR-141 expression (95% CI, 3.24--6.36; P=0.007) of the patients were independent prognostic factors for OS in patients with glioblastoma ([Table II](#tII-ol-0-0-6735){ref-type="table"}).

Discussion
==========

miR-141 has been demonstrated to be an active onco-regulator in various types of human cancer ([@b17-ol-0-0-6735]--[@b20-ol-0-0-6735]). However, the expression pattern or mechanistic role of miR-141 in human glioblastoma remains unknown. In the present study, quantitative methods were used to compare miR-141 expression between 5 *in vitro* glioblastoma cell lines and their adjacent non-tumorous brain tissues. The results of the RT-qPCR analysis clearly demonstrated that miR-141 was markedly downregulated in *in vitro* glioblastoma cell lines and *in vivo* glioblastoma tumors. These data are concurrent with previous studies demonstrating decreased miR-141 expression in hepatocellular carcinoma, and renal and gastric cancer ([@b17-ol-0-0-6735],[@b20-ol-0-0-6735],[@b23-ol-0-0-6735]), suggesting that miR-141 downregulation or dysregulation may be the predominant expression pattern of miR-141 within various types of cancer.

Secondly, the functional role of miR-141 in regulating glioblastoma was investigated in the present study. It was revealed that induced miR-141 overexpression may effectively inhibit glioblastoma proliferation *in vitro*. A tumor suppressive role of miR-141 has also been observed in other types of human cancer. For example, miR-141 overexpression was demonstrated to induce cell-cycle arrest in renal cell carcinoma ([@b20-ol-0-0-6735]). Notably, miR-141 may also act as an oncogenic factor, with actions such as increasing cisplatin chemoresistance in epithelial ovarian cancer ([@b18-ol-0-0-6735]). Thus, although miR-141 may be predominantly downregulated in human cancer, the functional mechanisms of miR-141 may be more complex, including roles as a tumor suppressor or an oncogene, depending on the different downstream signaling pathways associated with miR-141 regulation in different types of cancer ([@b24-ol-0-0-6735]).

It was previously demonstrated that plasma miR-141 may be an effective biomarker in colon and colorectal cancer ([@b25-ol-0-0-6735],[@b26-ol-0-0-6735]). In addition to the RT-qPCR analysis demonstrating miR-141 downregulation in glioblastoma cell lines and human tumors, the present study also identified that miR-141 downregulation was associated with glioblastoma tumors of advanced stages ([Fig. 3](#f3-ol-0-0-6735){ref-type="fig"}). These data indicated that cancerous miR-141 may be a potential cancer biomarker for patients with glioblastoma. The clinicopathological properties and OS of patients with glioblastoma were analyzed to evaluate the significance of miR-141 correlation. It was revealed that low cancerous miR-141 expression was likely to be associated with advanced clinicopathological features in patients with glioblastoma. Also, it was demonstrated that low cancerous miR-141 expression was significantly correlated with poor survival in patients with glioblastoma. Additionally, multivariate Cox regression analysis demonstrated that cancerous miR-141 expression may be an independent predicting factor for glioblastoma. Thus, the analysis of the clinical data of the present suggested that miR-141 may act as a tumor suppressor in regulating cancer proliferation and may serve as a potential biomarker for glioblastoma.

Overall, the present study provided clear molecular and clinical implications for miR-141 in glioblastoma. miR-141 is significantly downregulated in glioblastoma cell lines and human tumor samples. miR-141 may act as a functional tumor suppressor to inhibit cancer proliferation in glioblastoma. Additionally, miR-141 is closely associated with the clinicopathological properties of patients with glioblastoma, and may be a prognostic biomarker for glioblastoma.
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![miR-141 expression in glioblastoma cells and clinical samples. (A) Endogenous miR-141 expression was measured by RT-qPCR in glioblastoma cell lines T98G, U251, A172, LN229 and U89, and compared with miR-141 expression in NHAs. (B) Endogenous miR-141 expression was compared between clinical samples in 42 patients with glioblastoma. NHAs, normal human astrocytes; ANT, non-tumorous brain tissues; T, human glioblastoma tumors; miR/miRNA, microRNA.](ol-14-04-4455-g00){#f1-ol-0-0-6735}

![Effect of miR-141 upregulation on glioblastoma proliferation. (A) Glioblastoma LN229 and U89 cell lines were transfected with 100 nM synthetic miR-141 mimics, miR-141-mimic, or 100 nM non-specific control miRNA, miR-Ctrl for 48 h. The efficiency of miR-141 upregulation was assessed by RT-qPCR (\*P\<0.05 vs. miR-Ctrl). (B) Subsequent to transfection, LN229 and U89 cells were plated into 96-well plates and an MTT assay was conducted for 5 days to assess cancer proliferation (\*P\<0.05 vs. miR-Ctrl; n=6). miR/miRNA, microRNA.](ol-14-04-4455-g01){#f2-ol-0-0-6735}

![miR-141 expression in glioblastoma tumors with different pathological grades. Glioblastoma tumors were characterized based on World Health Organization grades. The endogenous miR-141 expression of grade I, II, III and IV tumors were compared with miR-141 expression in normal human astrocytes. ANT, adjacent non-tumorous brain tissues; miR, microRNA.](ol-14-04-4455-g02){#f3-ol-0-0-6735}

![OS of glioblastoma patients with low or high endogenous miR-141 expression. OS was assessed by a Kaplan-Meier model for patients with high endogenous miR-141 expression and for patients with low endogenous miR-141 expression (P\<0.001). OS, overall survival.](ol-14-04-4455-g03){#f4-ol-0-0-6735}

###### 

Association of tumor miR-141 expression with clinicopathological properties of the patients (n=91).

                   miR-141 expression, n (%)                
  ---------------- --------------------------- ------------ --------
  Gender                                                    
    Male           31 (65.96)                  30 (68.18)   N.S.S.
    Female         16 (34.04)                  14 (31.82)   
  Age, years                                                
    \<55           12 (25.53)                  7 (15.91)    N.S.S.
    ≥55            35 (74.47)                  37 (84.09)   
  WHO grade                                                 
    I              7 (14.84)                   18 (40.91)   0.002
    II             8 (17.02)                   15 (34.09)   
    III            14 (29.79)                  7 (15.91)    
    IV             18 (38.30)                  4 (9.09)     
  KPS                                                       
    \<80           35 (74.47)                  14 (31.82)   0.013
    ≥80            12 (25.53)                  30 (68.18)   
  Tumor size, cm                                            
    \<6            22 (46.81)                  27 (61.36)   N.S.S.
    ≥6             25 (53.19)                  17 (38.64)   

WHO, World Health Organization; KPS, Karnofsky Performance Scale; N.S.S., not statistically significant; miR, microRNA.

###### 

Univariate and multivariate Cox regression model of prognostic properties in patients with glioblastoma.

                       Univariate analysis   Multivariate analysis            
  -------------------- --------------------- ----------------------- -------- -------------------
  Gender               N.S.S.                0.87 (0.63--1.41)                
  Age, years           N.S.S.                1.21 (0.89--4.29)                
  WHO grade            0.029                 4.33 (3.89--5.40)       0.107    3.58 (2.89--5.92)
  KPS                  0.241                 1.93 (1.04--4.78)       N.S.S.   1.28 (0.67--2.71)
  Tumor size, cm       N.S.S.                2.04 (1.18--5.31)                
  miR-141 expression   0.003                 6.73 (4.83--9.63)       0.007    4.12 (3.24--6.36)

HR, hazard ratio; CI, confidence interval; N.S.S., not statistically significant; WHO, World Health Organization; KPS, Karnofsky Performance Scale; miR, microRNA.
